Thermodynamic Properties. Metals melt at comparatively low temperatures. This is because positive metal ions rather than atoms become randomly oriented in the melting process. Since the ions are only about a third as large as the atoms, the holes needed are only a third as large, and so AH is only a third as large. The effect of this may be seen by recalling the equation AH/T = AS. Since AH is only a third as large for ions while AS is not greatly different, the temperature of melting T must be correspondingly lower. This hypothesis that ions are important in metals is substantiated by viscosity data1 which indicates that the hole size in metals is relatively small compared with the atom volume, although normal as compared with the ion volume.
Any hole theory for liquid metals should incorporate this idea. Kincaid and Eyring2 applied Hirschfelder and Eyring's theory of liquids3 to liquid mercury to predict many of its thermodynamic properties. White4 used the partition function of Walter and Eyring to calculate the thermodynamic properties of several molten metals. He calculated the viscosities of some of them as well.
The first part of this paper contains thermodynamic properties calculated for molten metals by the method of significant structures of Eyring, Ree, and Hirai. 6 The second portion discusses the application of the method of significant structures in predicting the viscosities and self-diffusion coefficients of molten metals at various temperatures and pressures.
Application of the method of significant structures to metals gives the molar partition function =f {(1 -e-9/T)3 [ For all of the metals studied E8 and 0 were determined in the same manner as for NaBr and KBr in paper III of this series.7 That is, the two experimental quantities, energy of sublimation and vapor pressure, were used to fit the solid partition function at the melting point. The calculation of the liquid properties followed the procedure of Eyring, Ree, and Hirai.6 Calculations have been carried out for sodium, mercury, copper, and lead. The melting point, the boiling point properties, and the critical constants have been calculated for these metals. For sodium and mercury the molar volume has been plotted as a function of temperature, and for mercury two isotherms have been plotted.
The parameters used in the calculations and their sources are summarized in Table 1 The experimental points were taken from ref. 22. native values of n with a = 0, since a is without effect near the critical point, were used to determine the critical constants. In general, n must be given values where t8 and a are the viscosity contributions from the solid and gas-like degrees of freedom, respectively. at is given at moderate pressures by the kinetic theory equation24
where m, d, and M are the molecular mass, the effective molecular diameter, and the molecular weight, respectively. At higher densities this viscosity equation for gases must be modified.25 Our model for doing this treats part of the degrees of freedom as solid-like. The monatomic gas-like degrees of freedom make a negligible contribution to the calculated viscosities for sodium and mercury. The diatomic molecular degrees of freedom make a small contribution, which is included.
An expression will next be obtained for j7. 
Use of Eyring's rate process theory as applied to viscosity gives then for fl the equation 
where 4 is the effective number of neighbors of a molecule lying in the same plane. For a close-packed structure this is six. The viscosity calculations for liquid sodium are summarized in Table 5 . 7' and X)2 were calculated using the theoretical volumes obtained from curves 1 and 2, respectively, in Figure 1 , while 713 was calculated from the experimental volumes. 8 The value used for the gas molecular diameter, d, is 6.80 A, and it was obtained by adding twice the atomic radius22 to the interatomic radius of the diatomic molecule.'5 The closeness of the fit of experimental and calculated viscosity is shown graphically in Figure 4 where the circles represent experimental points, and the solid curve is the theoretical plot of X1 versus T. 712 and X3 fit the experimental data equally well, but their plots have been omitted from the graph.
In Table 6 the values calculated for the coefficient of self-diffusion of liquid sodium are presented. D1, D2, and D3 were calculated by using 71, 7 X2, and 7)3, re-spectively, in equation (13). D4 was calculated from the experimentally observed viscosities. Figure 5 presents a plot of in D1 versus 1/T. The theoretical self-diffusion coefficients agree with the observed values well within experimental error. Again for clarity D2, D3, and D4 have not been plotted on the graph. Thus, for sodium the method of significant structures works very well in predicting the transport properties, viscosity and diffusion. The value of t is approximately six, as was to be expected. 23 For mercury the temperature variation of the coefficients of viscosity and selfdiffusion have been treated similarly. Tables 7 and 8 summarize the calculations on viscosity and self-diffusion coefficient. For mercury d = 6.90 A,15. 24 n1 was calculated from the theoretical volumes plotted in Figure 2 , and 712 was calculated from the experimental volumes.22 D1 and D2 were calculated using 711n12, and D3 was Figure 6 the viscosity of mercury is plotted against the temperature. Figure 7 is a plot of In D1 versus 1/T. Again it is seen that the experimental data can be fitted very well with a value of about 6 for t.
To study the pressure effect on the transport properties the fact that the volume, V8, of the solid at the melting point varies with the pressure must be taken into consideration. Therefore, at each pressure a different value of V8 must be used for the calculation. The value of V8 at each pressure studied is listed for mercury in Table 9 .21 Bridgman2l has measured the viscosity of liquid mercury for the 303.16'K and 348.16'K isotherms up to a pressure of 12,000 kg/cm2. 711 calculated from the theoretical volumes plotted in Figure 3 and 712 calculated from experimentally observed volumes29 are listed along with the experimental data of Bridgman2' in Tables 10 and 11 for the two temperatures given above and for pressures up to 12,000 kg/cm2. The activation volume, AV*, used is -0.62 cc, and the values used for the remaining parameters are the same as those used to calculate X1 and X72 in Table 7 .
Nachtrieb and Petit27 have measured the self-diffusion coefficient of liquid mercury at 303.16'K up to 8,000 kg/cm2. The calculated and observed values are presented in Table 12 . Again Di and D2 correspond to calculations in which '11 and 72 of Table 10 are used, and DA is calculated with the experimental viscosities of Bridgman.2R The values of t used are the same as those used in Table 8 .
In general, the experimental data has been predicted very well for both thermodynamic and transport properties. The use of a negative activation volume for Experimental data are from ref. 27 . the high pressure calculations is surprising; however, this difficulty will probably disappear when the dependence of E8 on V8 is properly taken into account.
Using the significant structure theory of liquids, Blomgren30 has very recently presented a theory of viscosity which is slightly different in approach from the one presented here. Present evidence in Neurosporal-3 indicates that the phenomenon of complementation between allelic mutants is of widespread occurrence and that this process involves interactions occurring in the cytoplasm between defective gene products, probably polypeptides.4 Furthermore, it is now clear that the patterns of interallelic complementation at certain loci can be described in terms of linear (onedimensional) sequences of complementing mutants which have been designated complementation maps." 3, 5 This discovery of a non-genetic functional test which establishes a linear sequence of allelic mutants strongly suggests that such a complementation map may reflect the linear organization of both a gene and its product. Such an hypothesis can be tested at loci where both complementation
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